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Several studies have suggested an association between maternal periodontal disease and preterm delivery, but this has not been a consistent finding. In 2006-2007, the authors examined the relation between maternal periodontal disease and preterm delivery among 467 pregnant Thai women who delivered a preterm singleton infant (<37 weeks' gestation) and 467 controls who delivered a singleton infant at term (37 weeks' gestation). Periodontal examinations were performed within 48 hours after delivery. Participants' periodontal health status was classified into 4 categories according to the extent and severity of periodontal disease. Logistic regression was used to estimate odds ratios and 95% confidence intervals. Preterm delivery cases and controls were similar with regard to mean probing depth, mean clinical attachment loss, and mean percentage of sites exhibiting bleeding on probing. After controlling for known confounders, the authors found that severe clinical periodontal disease was not associated with an increased risk of preterm delivery (odds ratio ¼ 1.20, 95% confidence interval: 0.67, 2.16). In addition, there was no evidence of a linear increase in risk of preterm delivery or its subtypes associated with increasing severity of periodontal disease (P trend > 0.05). The results of this case-control study do not provide convincing evidence that periodontal disease is associated with preterm delivery or its subtypes among Thai women. periodontal diseases; premature birth Abbreviations: CI, confidence interval; OR, odds ratio.
Preterm delivery continues to be one of the most significant unsolved problems of public health and perinatology (1) (2) (3) . Preterm infants are at elevated risk for mortality and infant morbidity, including neurodevelopmental disabilities, cognitive impairment, and behavioral disorders (4) (5) (6) . Although the pathophysiology of preterm delivery remains unknown, accumulating evidence suggests that subclinical infections and chronic inflammation may account for a majority of preterm deliveries. Some investigators have indicated that infections are major causes of preterm deliveries, responsible for 30%-50% of all cases (7, 8) . Moreover, there is increasing evidence that suggests that other infectious processes occurring elsewhere in the body may contribute to preterm delivery (9) . Periodontal disease may be one such infection (9) .
Offenbacher et al. (10) were the first group of investigators to report a link between poor maternal periodontal health and adverse pregnancy outcomes including preterm delivery. This early finding has subsequently been corroborated by some (11) (12) (13) (14) (15) (16) (17) (18) (19) , although not all (20) (21) (22) (23) (24) , investigators. Two relatively large studies in the United Kingdom failed to find an association between maternal periodontal disease and risk of preterm delivery (21, 22) . The reasons for the differences in findings are unclear. In the United States, associations between periodontal disease and preterm delivery appear to be stronger and more consistent in studies that include higher proportions of subjects from African-American racial/ethnic groups and subjects who smoke during pregnancy (25, 26) . Several investigators have noted that positive associations were more commonly observed in US studies where the proportion of African-American subjects exceeded 60% (10) (11) (12) .
Results from randomized clinical controlled trials have also been inconsistent. Two relatively small studies have suggested that treatment of periodontal disease during pregnancy may reduce the risk of preterm delivery (27, 28) . However, these findings were not subsequently confirmed when reevaluated in a larger multicenter randomized trial (29) . Given the inconsistent findings across studies, and given the emerging evidence suggesting that associations may be influenced by population characteristics, we assessed the relation between maternal periodontal disease and the risk of preterm delivery among Thai women.
MATERIALS AND METHODS

Study population and selection of cases and controls
A case-control study was conducted among women who delivered livebirths at King Chulalongkorn Memorial Hospital, Rajavithi Hospital, and Police General Hospital, Bangkok, Thailand, between July 2006 and November 2007. Cases were women with singleton pregnancies who delivered before 37 completed weeks' gestation (22-36 weeks' gestation). Preterm delivery cases were identified by daily monitoring of all new deliveries at postpartum wards of participating hospitals. Of the 478 eligible cases approached, 467 (97.7%) agreed to participate in the study. Controls were women who delivered a singleton infant at term (37 weeks' gestation) and were selected from the same hospital of delivery. An eligible control, delivering immediately after a case, was approached and recruited for the study. Of the 482 eligible controls approached, 467 (96.9%) agreed to participate in the study.
All participants provided informed consent, and the research protocol was reviewed and approved by ethics committees at the Faculty of Medicine, Chulalongkorn University, Rajavithi Hospital, and Police General Hospital, as well as by the Institutional Review Board, Division of Human Subjects Research, University of Washington.
Data collection
After obtaining informed consent, we asked the women to participate in a 45-minute in-person interview in which trained research personnel used a structured questionnaire to elicit information regarding maternal sociodemography, lifestyle habits, oral health history, and medical and reproductive histories. Participants' labor and delivery and prenatal medical records were reviewed by trained research nurses who used a standardized abstraction form. Information abstracted from medical records included participants' prepregnancy weight, height, and blood pressure; pregnancy complications; and condition of the newborn.
Study participants underwent a full-mouth periodontal examination by 1 of the 6 trained and calibrated periodontists who were blinded to case-control status. The weighted kappa coefficients for measurements within 61 mm between each pair of examiners and within each examiner ranged from 0.80 to 0.97 and from 0.79 to 1.00, respectively. Periodontal examinations were performed at the bedside on the postpartum wards by using mouth mirrors and manual periodontal probes (North Carolina periodontal probe UNC-15; Hu Friedy Manufacturing, Inc., Chicago, Illinois) with an external light source within 48 hours after delivery. Probing depth and recession were measured on all teeth except for the third molar in 6 locations (mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distolingual). These measurements were made in millimeters and were rounded down to the whole millimeter. The level of clinical attachment loss was calculated from probing depth and recession, and it represented the distance from the cementoenamel junction to the base of the periodontal pocket. Plaque and bleeding on probing were recorded dichotomously as either present or absent. Bleeding on probing was determined to be positive if hemorrhage occurred within 15 seconds after probing. At the end of the periodontal examination, each participant was given instructions regarding dental treatment needs.
Analytical variable specification
Preterm delivery. The diagnosis of preterm delivery was made by use of American College of Obstetricians and Gynecologists (ACOG) guidelines (30) . Gestational age was based on the last menstrual period or ultrasound examination. If information on the last menstrual period and ultrasound dating (before 20 weeks' gestation) were available and the 2 agreed within 14 days, we used the former to assign gestational age. If the 2 dates differed by more than 14 days, we used the ultrasound date. The ultrasonography was available in 52.5% of preterm cases and 56.3% of term controls. In order to account for possible heterogeneity in the etiology of preterm delivery, we categorized preterm delivery cases according to the 3 pathophysiologic groups previously described (i.e., spontaneous preterm labor and delivery, preterm premature rupture of membranes, and medically indicated preterm delivery) (31, 32) . We also categorized preterm delivery cases according to gestational age at delivery (i.e., very preterm delivery (22-31 weeks), moderate preterm delivery (32-33 weeks), and mild preterm delivery (34-36 weeks)).
Maternal periodontal disease. Participants' periodontal health status was classified, a priori, into 4 categories according to the extent and severity of periodontal disease by using the following criteria advocated by Albandar (33): severe periodontitis (2 or more nonadjacent teeth with interproximal sites showing 6 mm of clinical attachment loss and 4 mm of probing depth); moderate periodontitis (2 or more nonadjacent teeth with interproximal sites showing 5 mm of clinical attachment loss and 4 mm of probing depth); and mild periodontitis (1 or more teeth with interproximal sites showing 4 mm of clinical attachment loss and 4 mm of probing depth). Individuals who did not fulfill any of the above criteria were classified as not having detectable levels of periodontitis. We empirically evaluated the extent to which associations between maternal periodontal disease and preterm delivery are dependent upon the various case definitions used to classify women's periodontal health status. Using a single data set (467 preterm delivery cases and 467 term controls), we classified participants' periodontal disease status using case definitions advocated by the Centers for Disease Control and PreventionAmerican Academy of Periodontology Working Group (34) 
Statistical analysis
The distribution of maternal sociodemographic characteristics and medical and reproductive histories according to preterm and term delivery status was examined. To estimate the relative association between maternal periodontal disease and preterm delivery, we performed conditional logistic regression procedures, taking into account the matching of cases and controls for hospital of delivery, to calculate maximum likelihood estimates of odds ratios and 95% confidence intervals, adjusted for potential confounding factors (38, 39) . We considered the following covariates as possible confounders: maternal age, parity, marital status, maternal educational attainment, prepregnancy body mass index, onset of prenatal care, alcohol consumption, and smoking status during pregnancy. All postulated potential confounders were adjusted and then deleted one-by-one in a stepwise approach until the odds ratio had changed from the fully adjusted odds ratio by at least 10% (39) . Variables of a priori interest (e.g., maternal educational attainment, parity, alcohol consumption, and smoking status during pregnancy) were forced into final models. These analytical procedures were also used in stratified analyses designed to assess the risk of subtypes of preterm delivery (i.e., spontaneous preterm labor and delivery, preterm premature rupture of membranes, medically indicated preterm delivery, very preterm delivery, moderate preterm delivery, and mild preterm delivery). All statistical analyses were performed with STATA, version 10.0, software (StataCorp LP, College Station, Texas). All reported P values are 2 tailed, and confidence intervals were calculated at the 95% level.
RESULTS
The maternal sociodemographic, medical, and reproductive characteristics of preterm cases and term controls are presented in Table 1 . Overall, preterm cases and term controls were similar with regard to maternal age, educational attainment, marital status, parity, smoking, and alcohol consumption status. Preterm cases, however, were more likely to report a history of previous preterm delivery, were more likely to be underweight, and were less likely to have utilized prenatal care services than were controls.
As seen in Table 2 , no clinically meaningful differences were observed between preterm cases and controls with regard to mean probing depth ( Participants' periodontal health status was classified, a priori, into 4 categories (i.e., periodontal healthy and mild, moderate, and severe periodontitis) according to the extent and severity of periodontal disease (33) . We calculated odds ratios for preterm delivery for each level of clinical periodontal disease. Overall, we found very little evidence of an association between maternal periodontal health status and preterm delivery risk. Women with severe periodontitis, as compared with periodontally healthy women, had only a 7% increased risk of preterm delivery (odds ratio (OR) ¼ 1.07, 95% confidence interval (CI): 0.62, 1.85), and this was not statistically significant. Adjustment for possible confounding by maternal age, educational attainment, parity, prepregnancy body mass index, alcohol consumption, and smoking status did not substantially alter the magnitude of the observed association (adjusted OR ¼ 1.20, 95% CI: 0.67, 2.16). In addition, there was no evidence of a linear increase in risk of preterm delivery associated with increasing severity of periodontal disease (P trend ¼ 0.36) ( Table 3) .
Because results from prior studies suggest that there may be some heterogeneity in the epidemiology of preterm delivery according to the pathophysiology and gestational age of delivery (31, 32) , we repeated the analyses allowing for this possibility. As seen in Table 4 , there was no clear evidence of a positive association between maternal periodontal disease and risk of spontaneous preterm delivery or risk of preterm premature rupture of membrane. However, we noted a weak, though statistically nonsignificant, association between moderate (adjusted OR ¼ 1.37, 95% CI: 0.70, 2.69) and severe (adjusted OR ¼ 1.39, 95% CI: 0.60, 3.22) periodontitis and the risk of medically indicated preterm delivery. The association between periodontal disease and severity of preterm delivery was also studied. After controlling for known confounders, we found no clear evidence of a positive association between maternal periodontal disease and severity of preterm delivery (Table 5) .
We next evaluated the extent to which the various case definitions and criteria for diagnosis of periodontal disease used in previous studies impacted the association between maternal periodontal disease and risk of preterm delivery (Figure 1) . The magnitude and direction of associations between maternal periodontal disease and preterm delivery risk were largely similar when different periodontal disease diagnostic criteria were utilized. When we used the criteria advocated by Albandar (33) , there was no statistically significant association between severe periodontitis and preterm delivery risk (adjusted OR ¼ 1.20, 95% CI: 0.67, 2.16). The adjusted odds ratios of association between 
DISCUSSION
We found no association between maternal periodontal disease and preterm delivery among Thai women (OR ¼ 1.20, 95% CI: 0.67, 2.16). In addition, we found no evidence of a linear increase in risk of preterm delivery with increasing severity of periodontal disease (P trend ¼ 0.36). Thus, these results do not support the hypothesis that periodontal disease is an independent risk factor of preterm delivery among Thai women. Few studies have investigated associations between periodontal disease and adverse pregnancy outcomes (e.g., preterm delivery, low birth weight, preterm low birth weight) among Asians, and findings from these studies are inconsistent. For instance, Dasanayake (14) , in a matched case-control study (n ¼ 55 pairs), reported that Thai women with more healthy areas of gingiva, defined by the Community Periodontal Index Treatment Need, had a lower risk of giving birth to a low birth weight infant (OR ¼ 0.30, 95% CI: 0.12, 0.72). In contrast, Buduneli et al. (20) , in their study of 53 preterm low birth weight cases and 128 term controls in Turkey, found no statistically significant differences between preterm low birth weight cases and controls with regard to maternal dental and periodontal parameters.
Results from previous observational studies and randomized clinical controlled trials conducted in other populations have also been inconsistent. The reasons for these inconsistencies are unclear. Xiong et al. (26) , in their systematic review of periodontal disease and adverse pregnancy outcomes, suggested that the effects of periodontal disease on adverse pregnancy outcomes may be different according to maternal socioeconomic status and access to dental care. North and South American studies that include high proportions of subjects from African-American ethnic groups and subjects from economically disadvantaged families (10) (11) (12) (13) tend to more consistently document statistically significant associations between maternal periodontal disease and the risk of preterm delivery. In contrast, most studies conducted in European countries, where their citizens are offered 
a Adjusted for hospital of delivery, maternal age, educational attainment, parity, prepregnancy body mass index, alcohol consumption, and smoking status during pregnancy. 
a Adjusted for hospital of delivery, maternal age, educational attainment, parity, prepregnancy body mass index, alcohol consumption, and smoking status during pregnancy.
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Am J Epidemiol 2009;169:731-739 universal health care, fail to document positive associations between maternal periodontal disease and preterm delivery (21) (22) (23) . For instance, Davenport et al. (21) , in their casecontrol study of 236 preterm low birth weight cases and 507 term controls in the United Kingdom, found no positive association between maternal periodontal disease and the risk of preterm low birth weight after controlling for confounding. Moore et al. (22) , in their large prospective study of 3,738 women in the United Kingdom, found no significant association between the severity of periodontal disease and the risk of either preterm delivery or low birth weight.
The lack of consistency raises the possibility that previously observed associations are noncausal. Vergnes and Sixou (40) , in their meta-analysis of the association between maternal periodontal disease and preterm low birth weight, suggested that periodontal disease may not cause preterm delivery, but there may be some underlying mechanism such as a genetic predisposition for a hyperinflammatory response causing both periodontal disease and preterm delivery. Alternatively, associations between clinical periodontal disease and preterm delivery may be evident only in some susceptible populations, made so by the presence of other environmental or genetic risk factors. For example, differences in the distribution and virulence of specific periodontal pathogens may contribute to heterogeneity across studies. This thesis is supported by studies documenting differences in the periodontal pathogens detected across populations sampled from diverse geographic locations (41) (42) (43) . Future studies that investigate specific characteristics of the types and virulence of periodontal pathogens may help to move this literature forward.
Periodontal pathogens are thought to gain access to fetoplacental tissues via blood-borne pathways and then are thought to elicit inflammatory and prostaglandin cascades (44) (45) (46) (47) that precipitate preterm labor. However, few investigators have isolated periodontal pathogens in the fetoplacental tissues collected after preterm labor and delivery. Goepfert et al. (11) , in their study of 59 preterm delivery cases and 44 controls, isolated periodontal pathogens in only 2 of 59 preterm placentas and in only 3 of 44 term placentas. Similarly, despite isolating periodontal pathogens in dental plaques collected from women who delivered preterm and who had periodontitis, Dortbudak et al. (15) failed to isolate microorganisms in amniotic fluid. Yet other investigators have postulated that periodontal disease may promote preterm delivery via mechanisms that involve chronic diffuse endothelial dysfunction and inflammation secondary to oral infections (48) (49) (50) . Further studies are needed to more thoroughly explore these mechanistic hypotheses, particularly in those populations where associations between periodontal disease and preterm delivery have been consistently observed (i.e., African Americans). This study has several strengths, including the relatively large sample of preterm delivery cases and controls and the fact that we used only well-trained, calibrated, and blinded periodontists to examine all participants. The high participation rates for cases and controls (97.7% and 96.9%) also served to attenuate concerns about selection bias. Several limitations, however, should be considered when interpreting results from our study. First, an unavoidable shortcoming of the case-control design is that controls were evaluated for periodontal parameters at a time when they were not at risk for preterm delivery. Comparing periodontal parameters in women delivering preterm with the same parameters assessed at term may produce potential bias if the periodontal parameters change rapidly during the third trimester of pregnancy. However, accumulating evidence suggests that progression of attachment loss occurs slowly with progression rates varying between 0.02 and 0.24 mm/ year (51) (52) (53) . Additionally, Gürsoy et al. (54) , in their study of clinical changes in the periodontium during pregnancy, reported that there was no change in clinical attachment loss during pregnancy. Collectively, these data suggest that the magnitude of bias is likely to be small. Second, our study did not specifically characterize the pathobiology of oral infection (i.e., bacterial counts or antibody levels to periodontal pathogens). Although the full-mouth recording of periodontal parameters used in our study has been shown to be more effective in determining periodontal disease, several authors suggested that clinical measures of periodontitis may not adequately represent the systemic burden of periodontal disease (55, 56) . Because the clinical signs of periodontal disease are a result of periodontal pathogens interacting with the host's immune and inflammatory response, it is likely that including measurements of this interaction between microorganisms and maternal host response may provide a means to more fully characterize the exposure that we think of as periodontal disease (57) . Third, 52.5% of preterm cases and 56.3% of term controls had a sonographically confirmed gestational length. Given concerns about errors in gestational age based on the last menstrual period, we completed subanalyses restricted to pregnancies with sonographically confirmed gestational age. The results from these restricted analyses were not materially different from those analyses reported for the entire study populations in Table 3 . The adjusted odds ratios for preterm delivery among women with sonographically confirmed gestational age were 1.04 (95% CI: 0.67, 1.62), 1.26 (95% CI: 0.70, 2.26), and 1.22 (95% CI: 0.54, 2.75) for mild, moderate, and severe periodontitis, respectively. Fourth, although we adjusted for many potential confounders, we cannot exclude the possibility that some residual confounding by factors not measured in our study (e.g., urinary tract infection, bacterial vaginosis, chorioamnionitis) may have influenced the reported risk estimates. Fifth, some authors have argued that failure to assess effect modification by smoking may contribute to variation in the results across studies (58, 59) . However, the prevalence of cigarette smoking during pregnancy among Thai women was very low (<3%). We did not have sufficient statistical power to evaluate the association between periodontal disease and the risk of preterm delivery among women who smoked during pregnancy. Finally, our study was designed to have 95% statistical power to detect a 1.80-fold increase in preterm delivery risk associated with maternal periodontal disease. Although we consider it unlikely that limited power could be responsible for our null findings, we cannot rule out the likelihood of missing weaker associations or associations that may be present only among specific preterm delivery subtypes.
In conclusion, the results of this case-control study do not provide convincing evidence that periodontal disease is associated with preterm delivery or preterm delivery subtypes among Thai women. Future studies that investigate specific characteristics of periodontal pathogens, as well as maternal immune and inflammatory responses, may help to move this literature forward.
